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Abstract
Stratospheric volume mixing 1atio profiles of chlorine nityate (CLOR0O,) have beceu
1ctrieved from 0.01-cwd yesolution infrarcd solar occultation spectra 1ccorded
at Jatitudes between 14°N and 5498 by the Atwosphieric Trace Holecule Spectiroscopy
(ATHOS) Youricr transform spectyometer during the ATIAS 1 shuttle wission (Maych
24 to April 27, 1992). The results were obtained frow nonlineay least-squarces
fittings of the GLONO, v, band Q branch at 760,21 cw ! with fwproved spectioscopic
paranmcters pencrated on the basis of r1ecent laboratory work,  The individoad

mofiles, which have an accuracy of abhout 320%, @ie conmpared with previous
) A ) l 1

obscrvations and model calculations.




1. Introeduction

The scecond f1ight of the Atmospheric Trace Molecule Spectroscopy (ATMOS)
Fourdicer tiransform spectyometey  as part of  the Atmospheric laboratory fom
Applications and Scicnce (ATIAS)-]1 shuttle wission (March 24-April 2, 1992)
[Gunson, 19¢2] provided the opportunity to obtain scts of ncarly simultancous
concentration measwements of over two doren stratospheric molecules about 9%
months after the massive eruption of the Mt. Pinatubo volcano in the Philippine
Jelands and 6 ycars and 11 months after the Tirst ATHOS {1ight onboard Spacelab
3 [VFarmey, 19875 Yarmey ot al., J9B7).  Of prime scientific interest are the
measurcement s of trace pascs involved in stratospheric ozone chemistiy,  1n this
paper, we report ATMOS/ATIAS 1 stratospheryice volume wmizning vatio (VMR) profiles
of chlorine nitrate (CEONO,), an dwportant diurnally varyiug chlorine rescrvoir
inhibiting ozone destyuction by the CRO, catalytic cycle. Comparisons of thesc

1esults with previous neasurcwents and wodel caleuvlations are also r1eported,

7. Obscyvations

buring the ATIAS-1 shuttle mission, the ATMOS Fourier transform spectrometen
1ecorded ~10,000 tvwo-sided solar interferoprams with a maximan patl di{ference
of 47.5 cm.  The spectra devived from processing these interferoprams have an
unapodized resolution of ~0.01 cw?.  The measwrcnments were obtained firom an
orbital altitude of =300 km during 53 sunrviscs occurring between 309N and 32°§
latitude and 41 sunsets observed between 22°8 and 5498 latitude.,  The 2.2-s
intervals between successive observations corresponded to tangent  height
scparations of 2.5 km in the mid-stratosphere. The intensities in the

atmospheric spectra were divided st cach vavelength by the corresponding values

in an exoatnospherice spectrum obtained by averaging all the high sun spectra




4]

recorded during the same oceul atio T ¢

ratioing procedure  cmoved he

wavelength dependence of the instrument -{ilter- det cctor system response and solar

feature

as well as N0 and GO, lines produced by residual 1 within the

As
[N

It erferometer., Additional information abou e ATMOS ins rument, ite operation

2]

and performance, and ATMOS data processing and analysi ocedures is o pven in

—

L p .
the papers by Farmer [1987], Farwer ¢ al 19871, Norton and Rinsland (19917,
and Gunson [1992],

The CLONO, VMR profiles reported here were retrieved from the sceven sunrise
and seven sunscet occultations recorded with {ilter ] spauning the 600-1190-c¢n?

domain. The spectra obtained wita this 131 or have the best sipgnal- 0-RMS nojse

ratio (~250) in the 780-cw'? ye tdon wvhere the most favorable CLONO, abuol wion
13 2 I

"

feature for quantitative analysis is Jocated, Table 1 sunmarizes the key

parameters for the 14 oceul ation even studied in tais work., Note ha tae

s 1a.ospheric coverage of the tropical (sunrise) occulta ions is limited to
tangent heights above ~27 km because the ATHOS suntracker, which senscs near 1R
Tight, could not acquire the sun at Jower altitudes where the attenuation by the

Mt . Pinatubo acrosols

was very aigh,

3. Spectroscopic Parameters

(=2
w
—~

For the first time, CLONO, profiles have been retrieved with a line ]

based on a quantum mechanical caleulation, The list was computed by one of u

(A.G.) with the wmolecular con

itants reported by Bell et al, [1992) for . he v

w,..nhczcx band at 780.21 cw' !, the v, ,ﬁnaczcw band at 778 .86 cw'?, and the v, 4 Vg -

Vv, m...OhOZCM bend a 778.73 cw'?.

The intensities in the GRONO, line list were calculated assuning the bands

are noninteracting and by normalizing tae intensitics on he basis of lTaboratary




data, First, a terrestrial *°C2/%C4 isotope ratio of 3.086 was assumced in
computing the relative intensitics of the v, bands of **CHONO, and *CLONO,. Next,
the relative intensity of the 35’(:1’01\1()2 hot band with yespect to the other two
bands was adjusted to match the relative band streupths in a 0.002-cw?
resolution laboratory spectrum recorded at room tewmperature [Goldman et al.,
1989, Frig. 8, spectrum C].  The CLONO, volume mixing ratio in the laboratory
sample was then determined by comparing the integrated intensity in the 750-830-
cnr? region with values reported in the literature [Davidson et al., 1987;
Ballard et al., 1988; Tuazon and Wallington, 1989] aud by {itting the 3“'(‘.,9(31\10,1
Q branch in the Yaboratory spectrum with the empirical Tiue paramcters of Ballard
et al. [1988]. The standard deviation of these four VMR determinations is 18%.
Finally, assuming the wean VMR as the corvect value for the laboratory sample,
a factor to scale the relative intensities in the Jine 1ist to absolute valucs
was derived by least-squarces fitting the laboratory spectrum in the *°CLONO, v,
Q branch region with the new line parameters,  The derived intensity scaling
Tactor is estimated to be accurate to about 312%.  The sum of the intensities
inunits of em l/(molecule-em?) at 296 K and the nuwher of lines in the list are
1,439 x 107! and 11495 for the v, band of *“CHONO,, 4.656 x 107'¢ and 10211 for
the v, band of 37(21?()1\]()7, and 9,191 x 107 and 10493 for the v, 1 vg - rg hot band
of 35‘(:,?0N();, , respectively,

The average room temperature N,-broadening cocfficient of 0.14 cw? atw’?
measured in the v, band 3“’(:,(’()NO? Q branch [Bell et al., 1992] has been adopted at
296 X for the atmospheric retrievals along with a 1T°%7% tewperature dependence
for the line widths., Simulations with the new line list do not reproduce the

1otational fine structure observed near 760,15 cew? in the low pressure

laboratory spectra [e.g., Goldman et al., 1989, Fig. &], but published plots of
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unable diode aser spectra broadencd by N, show that this structure within ho

#°CLONO, 17, band Q branch is barely noticcable above a total pressure of 10 mb and

comple

ly disappears at 30 nb [Bell et al., 1997, Fig. 4]. Therefore, errore

in simulating the CLONO, Q branch fine structure are small for stratospheric
paths containiag significant CLONO, absorption.

The spectroscopic Tine parameters for all other moleculcs were taken from
an updated version (1. R. Brown, private communcation, 1993) of the ATMOS
compilation Krown et al., 1987 . Fxcept for CLONO,, the ATMOS line list in the

3

region analyzed here is

ssentially the same as listed in the 1992 HITRAN

compilation [Rothman et al 992

4 Analysis and Resul s
The GRONO, profiles reported here were retrieved with the ODS (Occultation
Display Spectrum) program, an onion-peeling, nonlincar leas ssquares spectral
it dng algorithm developed at the Jet Propulsion .aboratory (JrL) [Nor on and
Rinsland, 1991]. The GRONO, results have been compared to retrievals performed
with another algori .hm independently developed a the NASA Langley Rescarch
Genter (1.aRC) [Rinsland et al ., 1991]) and based on a "global-fitting" approach

(simultancous fitting of a sct of microwindows in all spectra). These

intercomparisons resulted in CLONO, volume mixing ratios in agrecment to about
/% at tangent heights below 30 kn and about 412% at 34 ku (1 sigma) when the
same physical model and spectroscopic line paramcters are adopted. Both

retrieval algorithms include corrected CLONO, vibrational partition function

calculations [Zauder

al. 1990; Norton and Rinsland, 1991).

The pressurc-tempera ure profiles assumed in the analysis were derived

dirccetly from the spectra using, a proccdure developed by G. P. Stiller




(manuscript in preparat ion, 1 994) . bBriefly, the ODS algorithm i S used to perform
independent ,  onion-pecl ing, €O, VMR ret rieval s f row ~100 narrvow interval s | each
centered on an i s0) at ed C0, 1 ive . The t angent 1 ayer €0, VMRs ret ri eved from each
spect rum gre then | east .g quares f it t ed as &« f unction of the CO, 1line lower state
cuergy to dete rmine corrvections t o init ial pue sses for the rot at i onal t emperat ure
(vhich is assumed to equal the Kinet je temperat ure) and the atmospheri ¢ pressure
in the Jayer. A GO, profi 1 ¢ equal to a constant VMR of 3.47 x ]()’*in the Jower
stratosphere increasing to 3,54 x 10°'" in the troposphere has been assumed for
the 1992 ATMOS/ATI AS 1 mi ssion. This i t erative procedure converges rapi dl y and
results iun pressure s with estimated preciscions of 5% bel ow 35 km and 3% up to
70 km and temperatures wi th preci sions of 1t o 2?2 K,

1 wi de

The CLONO, profi les were derived f rom f'i tt ings over a 0. 6- cw’
microwindow centered on the 35(1[()NO? v, band Q branch at 780.21 cw !, The primary
interferences in this interval are 03 and €0, 1ines wi th weaker absorpt fons f rom
1 ines of the vg band of HNO, [Goldman et @] . , 1989; Zander et al ., 1990) . |11 the
01)S retrievals , the Oy prof i le was first ret1i evedandthenhele fixedduringthe
analygsjs for GLONO, whi 1 e simul t ancous {it t inps for the prof iles of both
mol ecul es were performed wi t ki the LaRC a] gori thm.,  Sensitivity tests indicate
that real ist ic di f ferences in the assumed HNO; prof i le have a negl igible (<2%)
eff ect 011 the retrieved CRONO, profi le .

¥i pure 1 shows a compari son of 1 cast - squares fits obtained with the new
CRONO, 1 ince paramet ¢rs and the enpirical CAONO, 1 ine parauwcters [Ral lard et al . |
1988] used in the ATMOS §)racel ab 3 retrievals [Zander et al . , 1990, 1992) . The
new 1 ist produces s] dght ly bet ter f it t ings t othe ATMOS spect ra than the 0] d
Jist, both ncar the peak of the GLONO, Q branch where move absorpt i on i S now

predict ed and in the | ow wavenumber wing, of’ the Q brauch where 1 ess ahsorpt ion




i S now predi cted (the same improvements have b een not ed from least-squares fits

to the University of Denver  CARONO, laboratory spect ra)

No obvi ous differences were foundamongthe SiX tropical sunrise profiles
between 15,.7° N and 16.7° S latitude oramongthesevensunset profi]esrecorded
between a4 5° S and 55, 4°§ lat itude. Theref ore |, in Table 2 we reportmean
prof i les for these two lat i t ude bands alotg wi th a separat ¢ ent ry for the sunri se
(SR) occultation SRO3 at ?8,2° S latitude.

The sources of random (R) and syst emat ic (S) error and the 1 -sigma
uncertainty  in the CLONO, VMR resul t inp from ecach error source are (1)
inst rumental effects (R) , primarily due to the finite signal -to-noise rat i 0, #8%
at 20 to 30 km increasing to 420% at 35 km; (2) the tangent pressure (R) | 35%
(3) the temperature profile (R) , 41 % (4) the ass umed GLONO, line paramet ers (S)
1] 2%, (5) the €O, parametersassumed in thepressure-temperatureretrieval.(S)
43%; (6) the assumed €O, volume mixing rat io profile (S) , #2%; ana (7) the
sinunlation of interfering spectral absorptions (R) , . 1 5% at 20 to 30 km increasing
to 110% at 35 km A totall-sigmacrror of 316% at 20 to 30 km increasing to
126% at 35 km and a1 -sigma precision of 411% at 20 to 30 km inercasing to 123%
at 35 km for a single profi le have been comput ed from the square root 0f the sum
of the squares of the individual errors . Ttie errors 1 i steel bet ween parentheses
in Tabl e 2 assume that the magni tude of the random errors IS reduced by the

square root of the number of averaged ret rieval S

5.  Di scussi on

No t ropi cal CLONO, profi 1 ¢ measurement S have been reported prior to the
present wor k. However ,  the southern hemi spl aere ATIAS 1 zonal mea n sunset

profi le can be compared Wi th the May 1985 $yha cel ab 3 sunrise profile at 47° S




lati tude . For consistency, we rea nal yzed the Spa celab 3 dat a wi th the new CRONG,
linelist and a pressure-t cmperature profile retrieved with the al gori thm
desceribed earl ier. The upper panel of Figure ? shows these twomecasured
profi les .

The 1 owe v pancl of ¥Fi gure 2 present s three sets of CLONO, prof i le =
calculat ed f or 47°8 1at i tude Wi th the Atnospheric. and kEnvironmental Rescarch,
1 ne . (AER) t wo dimensi onal chemi st ry-t ransport model [NASA, 1 993, Chap. 4 ] . The
s0] idcurvesare model sunset prof i 1 es for day 90 of 1992 (appropri at ¢ for the
ATIAS 1 mission observat ions) , the long dashed curves are model sunri se profi les
for clay 120 of 199?, and the SNOrt dashed curves are model sunrise profi 1 es for
clay 1?0 of 1985 (appropriat ¢ for the Spa celab 3 mi ssion observat ions) .
Stratospheric total inorganic chlorine abundances at 5,25, 14 3, 38.8, and 63,9
wh W're 3. 28, 3.05, ?.00, and 1.28 ppbv (parts per billion, 10 by volume) for
the 1992 calculations and ?.45, ?. 30, 1.51, and 0.94 ppbv for the 1985
calcul at jons , res pectivel Y. The three curves for each 1992 elate represent
talc.ulat i ons for gas phase chend stry only, heterogencous chemi st ry Wi th
background acrosol level S {World Met erol ogical Organizat ion (WMO) , 1992, Table
8- 8] , and het erogencous chemi stry wi th the vel canic aerosol surface are a profiles
derived f rom St rat ospheri ¢ Aerosol and Gas Experiment (SAGE 1 1) measurements ((;

K. Yue, private communication, ]993) . The t wo curves for 1985 show calculat ions
W th pas phase chemi st ry onl ¥y and heterogencous chemi stry at backg row d aerosol
levels,

The heterogencous chemi st Iy calcud at i oris inelude tWo react ions:

N,05 + H,0 - HNOg -1 HINO, (1)

CEONO, + H,0 - HNO, - HOGA (?)
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The parameteriz ation for reaction 1 JisdescribedbyRodriguczet al [199]1]with
an assumed reaction probabi 1 i ty per react jon of° O 1 . The parameterization for
reaction 2 1 s piven in NASA [ 1 993] . |,aljol-story studies [Tolbert et al . , 1988;
Hauson and Ravi shankara , 1991 ] indicate | OW probabil i ties for reactioun (?) in
the nonpolar stratosphere. ~'liel ef fect of thi S react ion 011 the AER model results
shown in Figures 2 and 31 S smal 1
Three conclusions can be drawn from the resul ts in Figpure ? . First ,
comparison of the SOl id curves in the 1 ower pa nel shows that the inclusion of
he t evogencous chemi st ry Wi th the vol cani ¢ ae rosol level S occu rrivag during the
ATIAS 1 rni ssion changes the calcul atedCLONO, vol ume wixing rat ios by | €ss than
108 at 47° S lat. itude for 5 to 40 nib. Second , compari son of the soli d and 1 ong
daslt 1ed model curves in the lower panel shows that changes in the CLONO,volume
mixing ratio due tO the combined diurnal and secasonal differences between the
Sy racel ab 3 and AT AS 1 ni ssi ons aresmall for altitudes below 30 km. The smal l
diurnal change in CLONO, below 30 km agrees with previ ous model calc ulat i ons [Ko
andSze, 1984, Fig. 6].  Thi rd, the measurcd GLONO, prof i 1 es for both 1985 and
1992 are significantly lower than the corresponding model profi les Wi th the
1 argest re 1 ative di ffe renc es occurring necar the VMR peak. Tl e measured ATIAS
1 prof i le has @ peak CLONO, mixing rat io of O 943 O 16 ppbv at 16 mbh whereas the
corresponding AER model sunset Prof i 1 e comput ed wi th heterogeneous chemi stiy
and the ATIAS 1 volcanic aerosol 1levels reaches a maxiwmum of 1 .56 ppbv at 14.3
b .
Al though the absol ute values are signif icant 1y di fferent , the measured 1992-
t0-1985 (¢#ONO, ratios at 47° S latitude are in better agreement with the
corresponding model predictions ,  Adopt ing the 1992 clay 90 sunset calculat ions

wi th the volcanic aerosol level S for the ATI AS 1 mi ssion and the 1985 day 1 ?0




11
sunri se background het erogencous chemi st ry calculat jons for the Spacelab 3
mission, we derive model 1997 sunset to 1985 sunrise CRONO, ratios of 1 .18, 1 .31,
1.30, and 1.39 at )0, 16, 30, and 50 mb, respectively, whereas the measured
rati os (and 1 -sigma uncertainties) at the same pressure levels are 1 .3620 .16,
1.3 010,15, 1.4 940.17, and 1 124 0, 13, respect ively,

Figure 3 Shows the mcan t ropical sunr i se prof i le from the ATIAS 1 mi SSi on
and the corresponding AFR model predi ct i ons W t h het crogencous chemi stry and the
March 1992 aerosol levels. Apain, the measurements are SYySt emat ical 1y lower than
themodel calculat jons with the largest di screpancies occurring mnear the VMR
peak . The May 1985 ATMOS/Spacel ab 3 CR0NO, 30° N sunset prof i le [Zarider et al .
1990, 1 992 ] is uni f ormly 1 ower by about a factor of” 1.5 than pro files cal cul ated
by five model ing groups f’ or the same condit ions [ NASA, 1993, Chap. 5, section
M. A revised ret rieval obtained W th the new CLONO, 1 inel i st and an improved
t emperature profile S] ightl ¥ increases the di serepancies . These model -
measurement differences are signi ficant given the important role of CLONO, in
buffering O, destruc tion. Natarajan and Cal 1 is [ 1991 ] found that a secondary
path for the react.ioll OH 4 €20, leading to the product ion of HCZ , would improve
the agreement between their model cal culations and the Spacelab 3 measurements
of CAONO, and HGA .

Recent 1y, Webster at al . [1993] estimated CLONO, volume mixiug ratios in
the northern hemi sphere mid- to high-lat i tude lower stratosphere based on N0 and
HC2? measurements obtained during Dec enber 1991 and March 1992 aircraft f1 ights
out side of polar stratospheric cloud (PSC) -processed reg ions . Their inferred
CLONO, VMRs are about a factor of ? hi gher than the ATMOS/ATIAS 1 val ues
corresponding t0 thesame N,Ovolume mixing rat. i o. A detailed analysis of

stratospheric chlorine partitioning based on ATMOS/ATIAS 1 measurements including
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addi t ional chlorine-bearing spe cies , particularl y HCL , and import ant chemically-
1 inked speecies (e . §. , CH,, which affects the HGCZ distribution) Will be reported
in the near future (M R. Gu sor 1, manuseript in preparat ion, 1 994) .
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Table 1. ATMOS/ATIAS 1 Occul tati ons Anal yzed in this Study

Occul tation Minimum Tangent
Name* Date, UT latitude,{ Longitude, { Height (km)
sunsets
$825 March 29, 1992 46.5°8 2517 i ?1.1
SS26 March 29, 1992 46.2°s 92.5°E 22.1
SS31 March 29, 1992 47.7°S 293.9° E 19.9
SS37 March 30, 1992 50.6°S 336.5° K 10.5
5841 March 31, 1992 51.0°s 245.9° K 18,8
5843 April 1, 1997 53.6°S 130.3° K 19.7
ss48 April 2, 1992 55.4°8 241 0°E ?1.9
Sunrises
SRO3 March 25, 1992 28.2°8S 300.8° K 5
SR09 March 26, 1992 16.7°S 184.9°E 29.24
SR26 March ?8, 1992 0.6°s 202 .3°E 28.4
SR31 March ?9, 1992 3.2°N 89.0°K 27.3
SR35 March ?9, 1992 8.2°N 222.3°E 27.1
SR37 March 29, 199? 9.2°N 177.0°K 26.9
SR44 March 30, 1992 15.7°N 219.8°E 27.1

*SS denotes sunset; SR, sunrise. The data were recorded with a 2.8-mrad

dianmeter field of View corresponding t0 a 5.5-km vertical altitude range at the
tangent point,
{Tangent point location at a tangent altitude of 30 km.

#A few additi onalgﬂ)g ct ra were recorded in the troposphe re.
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Tabl e 2. ATMOS/ATLAS 1 CLONO, Retrieval Results§

Pressure Approximate GLONO, Volume Mixing Ratio, 107°
(ub) Altitude (km 15.7°N-16.7°S1 28.2°8% 44.5°5-55.4°84
4 37.8 0.30(8) 0.31(10) 0.21(6)
5 36.2 0.46(10) 0.49(13) 0.32(8)
7 33.8 0.63(13) 0. 7?(16) 0.57(11)
10 31.4 0. 78(15) 1.07(18) 0.81(14)
16 28.2 0.69(17?) 1.07(22) 0.94(16)
30 2 () 0.64(14) 0.91(15)
50 20.8 0.70(6) 0.44(10)
70 18.7 0.11(2)

§Values i N parenthesis are | -Si gma uncertainties in units of thelast digit.
tAverage of the profiles from6 sunrise occultations,

*}'refile from sunrise occul tation SRO3.

j{Average Of the profiles from 7 sunset occultations.
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Figure Captions

Conparison of spectral fitting results obtained with the new CL0NO,
line parameters described in section 3 (labeled BELL) and the
empirical CLONO, |ine parame ters derived from [aboratory measurenents
at the Rutherford Appleton |aboratory by Ballard et al. [1988]
(I abel ed RALY .  The observed spectrum was recorded ou March 25, 1992,
at. a tangent pressure of” 30.6 mb during occultation SR03 (28.2° S
| atitude) . The arrow marks the approxi mate | ocation of the maxi mum
absorption by the % Cf0NO, v, band Q brauch. The mecasured spectrum
has been apodized with Norton and Beer [ 1976, 1977] function number
2.

Upper frame: Conparison of ATMOS C2ONO, pro files retrieved ncar 47° S
latitude from the 1985 Spacelab 3 and the 199? ATIAS 1 spectra.
The Spacelab 3 profile is a revised retrieval obtained from the
single sunrise occultation recorded on May 1 , 1985. The ATIAS 1
profile is the mean of the individual profiles retrieved for the 7
sunset occultations listed in Table 1 . Error bars are estimated 1-
sigma precision. lower frame: AFR 47° S latitude nodel calculati ous
for day 90 of 1992, sunset (solia curves) , clay |20 of” 1992, sunrise
(long dashed curves), and day 1?0 of 1985 (short dashed curve S)
See text for details.

Comparison Of the mean ATMOS/ATIAS 1 CA0NO, trop ical sunrise profile
and AER nodel profiles calculated for day 90 of 1992 with
heterogencous chem stry and an aerosol surface area density profile

from SAGE 11 for the same time period. Because Of the high aerosol
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loading in the tropics fromthe M. . Pinatubo volcanic eruption of

June 1991, no stratospheric observations were obtained below ~27 km

al titude.




78

Figure 1

0.6 - ATMOS
= BEILI
0 RAL

0.5 | N I | !

t

, - I
779.9 780.0 v80.1 780.2 780.3 7

80.4 780.5

Wavenumber (cmml)




PN

Pressure ‘mb

3
/

mb

Pressure (

vab

Sunrise S1.3 477e¢
5/1/86

Sunsecl ATLAS 1

10°S--H5°S Mcan

3/29- 4/2/92

10
|
t f’t
100 oo b w1110 1Y —
0.0 0.3 0.6 0.9 1/ 1.5
ClONoVohuncMmU%Rdlm(M”W)

R R T
AFR Model 47°S
Day 90 1992 SS
Day 120 1892 gj
Day 120 1985 Si
10
100 -ﬁp FR| . [ TS 1 [T ,,l,.,,l,, PR | fl l '
0.0 0.3 0.6 0.9 .2 15

C]ON(L

Volume Mixing Rdtlo (}q>bv)

36

30

40

a5

30

4]

0

}J sure 2

Ixeaxddy

rre
——"

2DTINIY e1e



Pressure (mb)
[N
(@)

| — I B . “‘"_7"17*71'_"7

e ATMOS

AR MODEL

OO SIS DY DU SV TS P | o 1 | .o —1 i
0.0 0.3 0.6 0.9 1.?

1

C10NO,Volume Mixing Ralio (ppbv

Figure 3

5

)

45
s
o)
o
H
40 o
>
[
35 g
ﬁ_
¢
. >
30 E
-
-
0,
20 o
g_.‘
20 ~—



M C. Abrams and M R. Gunson, Jet Propulsion |aboratory, California institute

of Techmolopy, Mail Stop 183-301 , 4800 0Oak Grove Drive, Pasadena, GA 91109.

A CGoldman, Department of Physics, University of Denver, Denver,Co80208.

M K W Ko, J. M Rodriguez, andN.1).Sze, Atnospheric and Environnental

Research, Inc., 840 Menorial Drive, Cambridge, Massachusetts 02139.

E. Mahieu and R. Zander, Institute of Astrophysics, University of’ Liége, 4000

liége-Cointe, Bel gi um

C. |I’'. Rinsland, Atnospheric Sciences Divisiou, NASA Langley Research Center, Mil

Stop 401A, Hampton, VA 23681-0001.



